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(54) LAMINATED SOI SUBSTRATE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laminated 
SOI substrate, which reduces adverse effects on a 
device and is capable of raising the yield of the 
manufacture of the laminated SOI substrate, and a 
method of manufacturing the board. 
SOLUTION: An insulating film is formed on the 
surface of a first single- crystal silicon substrate 1 , 
such as a hydrogen-annealed substrate, an intrinsic 
gettering substrate of an epitaxial substrate, and a 
hydrogenation is performed in the substrate 1 through 
the surface of this insulating film, whereby a 
hydrogen ated region 3 is formed in the substrate 1 . 
By performing heat treatment at 400 to 500°C on the 
substrate 1, voids 4 are formed in the region 3 and 
the substrate 1 is cleaved from these and formed with the voids 4, in the region 3. Then, 
after the surface of the insulating film and the surface of a second single-crystal silicon 
substrate 5 are laminated together, the substrates 1 and 5 are subjected to heat treatment 
at a temperature of 1 ,000°C or higher. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lamination SOI substrate which reduced the 
adverse effect to a device especially, and its manufacture approach about the suitable lamination SOI 
(Silicon On Insulator) substrate for a semiconductor device, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The smart cut (Smart-Cut) process using the phenomenon in which a 
semi-conductor substrate carries out cleavage by the void formed of hydrogen impregnation of a 
large quantity as an approach of manufacturing a super-thin film SOI substrate by the flare winning- 
by-taking-two-half-points way is known (Proceedings 1 996 IEEE International SOI Conference, 
pi 52). Drawing.! (a) thru/or (e) are the sectional views showing the manufacture approach of the 
SOI substrate by the conventional smart cut process in order of a process. In the manufacture 
approach of the SOI substrate by the conventional smart cut process, first, as shown in drawin g 3 (a), 
the diacid-ized silicon film 22 which is an insulating material is formed on the single crystal silicon 
substrate 21 . It becomes a device production field near the front face of the single crystal silicon 
substrate 21 eventually. Moreover, near [ this ] the front face, the crystal defect fields 28, such as an 
oxygen sludge which names generically and is called a grown-in defect, or its nucleus, exist. 
[0003] Next, as shown in d^awing j. (b), the ion implantation of the hydrogen ion is carried out with 
the dose of about 1016 thru/or 1017 (atoms/cm2) from the front face of the diacid-ized silicon film 
22. Thereby, the hydrogen impregnation field 23 is formed into the single crystal silicon substrate 
2K 

[0004] Subsequently, as shown in drawing 3 (c), a void 24 is formed in the hydrogen impregnation 
field 23 by heat-treating the front face of the diacid-ized silicon film 22, and the front face of other 
single crystal silicon substrates 25 at lamination, 400, or 500 degrees C with a room temperature. 
[0005] At this time, as shown in dravringJJ (d), cleavage of the single crystal silicon substrate 21 is 
carried out by the void 24 formed in the hydrogen impregnation field 23. 

[0006] Next, the flare mating face of the diacid-ized silicon film 22 and the single crystal silicon 
substrate 25 is firmly pasted up by performing heat treatment of about 1000 degrees C or more for 
several hours. And a SOI substrate is completed by grinding the field where cleavage of the single 
crystal silicon substrate 21 was carried out, and forming a mirror plane. 

[0007] Then, the SOI substrate manufactured by doing in this way is thrown into the production 

process of a device. 

[0008] 

[Problem(s) to be Solved by the Invention] However, in the lamination SOI substrate manufactured 
by the above-mentioned conventional approach, there is a trouble that particle arises in the device 
manufactured from this SOI substrate, or degradation of junction leak, the property between 
isolation, and gate-dielectric-film pressure-proofing is brought about. 

[0009] This invention is made in view of this trouble, and it aims at offering the lamination SOI 
substrate which can reduce the adverse effect to a device and can improve the yield, and its 
manufacture approach. 
[0010] 

[Means for Solving the Problem] In the lamination SOI substrate which the lamination SOI substrate 
concerning this invention made the 1st single crystal silicon substrate and the 2nd single crystal 
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silicon substrate rival on both sides of an insulator layer in between, and was constituted, said 1st 
single crystal silicon substrate is characterized by consisting of one sort of substrates chosen from 
the group which consists of a hydrogen annealing substrate, an in thorin chic gettering substrate, and 
an epitaxial substrate. 

[001 1] In this invention, the hydrogen annealing substrate, the in thorin chic gettering substrate, or 
the epitaxial substrate is used for the 1st single crystal silicon substrate of the schedule in which a 
device is formed, and since there are very few crystal defects near the front face of these substrates, 
it is controlled that a void is formed into a production process at this substrate. For this reason, the ' 
adverse effect to a device can be reduced. 

[0012] The manufacture approach of the lamination SOI substrate concerning this invention The 
process which forms an insulator layer in the front face of the 1st single crystal silicon substrate, and 
by performing hydrogen impregnation from the front face of said insulator layer In the manufacture 
approach of a lamination SOI substrate of having the process which makes the process which forms 
a hydrogen impregnation field into said 1st single crystal silicon substrate, and the front face of said 
insulator layer and the front face of the 2nd single crystal silicon substrate rivaling Said 1st single 
crystal silicon substrate is characterized by being one sort of substrates chosen from the group which 
consists of a hydrogen annealing substrate, an in thorin chic gettering substrate, and an epitaxial 
substrate. 

[0013] The manufacture approach of other lamination SOI substrates concerning this invention The 
process which forms an insulator layer in the front face of the 1st single crystal silicon substrate, and 
by performing hydrogen impregnation from the front face of said insulator layer In the manufacture 
approach of a lamination SOI substrate of having the process which makes the process which forms 
a hydrogen impregnation field into said 1st single crystal silicon substrate, and the front face of said 
insulator layer and the front face of the 2nd single crystal silicon substrate rivaling Said 1st single 
crystal silicon substrate is characterized by having a crystal defect field in the fixed depth from a 
front face. 

[0014] In this invention, since the crystal defect field is formed in the fixed depth from the front face 
of the 1st single crystal silicon substrate, if hydrogen impregnation is performed, hydrogen 
concentrates on this crystal defect field, and a void will be formed and will carry out cleavage. That 
is, since a void is not formed in other fields, the adverse effect to a device can be reduced. 
[0015] In addition, said crystal defect field can have at least one sort of crystal defects chosen from 
the group which consists of a misfit rearrangement and an oxygen sludge. 

[0016] Moreover, in this invention, the process heat-treated at the temperature of 1000 degrees C or 
more after the process which makes the front face of said insulator layer and the front face of the 2nd 
single crystal silicon substrate rival may be performed. 

[0017] Said misfit rearrangement may be generated by forming a single-crystal-silicon layer with 
resistance higher than said 3rd single crystal silicon substrate with epitaxial growth on the 3rd single 
crystal silicon substrate. 
[0018] 

[Embodiment of the Invention] Since the crystal defect field 28 exists in the single crystal silicon 
substrate 21 currently used by the conventional approach irregularly as a result of repeating 
experiment research wholeheartedly, in order that an invention-in-this-application person etc. may 
solve said technical problem, Since void 24a remains also after completion in the single crystal 
silicon substrate 21 which is the barrier layer of a SOI substrate as are shown in drawing 3 (c), and 
void 24a is formed also in the crystal defect field 28 of hydrogen impregnation and it is shown in 
drawing^ (e) It hit on an idea to have the adverse effect on the device manufactured from this SOI 
substrate. That is, in the manufacture approach of the lamination SOI substrate by this smart cut 
process, it is important to control the formation location of the void by hydrogen impregnation. 
Although the formation location of this void serves as a location which hydrogen separated from the 
front face poured in the range grade, if there is a field which hydrogen ions, such as a defect, tend to 
concentrate on that perimeter, a void will be formed also there. Then, it is necessary to control the 
crystallinity of the front face of the single crystal silicon substrate of a substrate. In this invention, 
the formation location of a void is controlled by improving the crystallinity of the single crystal 
silicon substrate surface of a substrate. 

[0019] Hereafter, the example approach of this invention is concretely explained with reference to an 



httn://w\vw4 inHI »nn.f>o.in/rpi-hin/tran web npi eiie 



1 8/0^r>004 



Page 3 sur 4 



attached drawing. Drawing 1 (a) thru/or (e) are the sectional views showing the manufacture 
approach of the lamination SOI substrate concerning the 1st example approach of this invention in 
order of a process. In this example approach, as a single crystal silicon substrate 1 into which 
hydrogen is injected, a grown-in defect and an oxygen sludge are not in a front face, and as shown in 
drawing! (a), the substrate with which the defect-free field (DZ) 6 exists near the front face, for 
example, a hydrogen annealing substrate, an in thorin chic gettering (IG) substrate, or an epitaxial 
substrate is used. A hydrogen annealing substrate is produced by annealing the single-crystal-silicon 
material formed by the FZ method etc. in 1 hour and 100% hydrogen ambient atmosphere at 1200 
degrees C. First, the diacid-ized silicon film 2 which is an insulating material is formed on this single 
crystal silicon substrate 1 . 

[0020] Next, as shown in drawing 1 (b), the ion implantation of the hydrogen ion is carried out with 
the dose of about 1016 thru/or 1017 (atoms/cm2) from the front face of the diacid-ized silicon film 2. 
Thereby, the hydrogen impregnation field 3 is formed only in the projection range field of the single 
crystal silicon substrate 1. 

[0021] Subsequently, as shown in drawing 1 (c), many voids 4 are formed in the hydrogen 
impregnation field 3 at high density by heat-treating the front face of the diacid-ized silicon film 2, 
and the front face of other single crystal silicon substrates 5 at lamination, 400, or 500 degrees C 
with a room temperature. 

[0022] At this time, as shown in drawing 1 (d), cleavage of the single crystal silicon substrate 1 is 
carried out by the void 4 formed in the hydrogen impregnation field 3. In this example, since there is 
no crystal defect field near the single crystal silicon substrate 1 front face, it is avoided that a void 
remains in the single crystal silicon substrate 1 like before. 

[0023] Next, the flare mating face of the diacid-ized silicon film 2 and the single crystal silicon 
substrate 5 is firmly pasted up by performing heat treatment of about 1000 degrees C or more for 
several hours. And as shown in d rawin g 1 (e), a SOI substrate is completed by grinding the field 
where cleavage of the single crystal silicon substrate 1 was carried put, and forming a mirror plane. 
[0024] Thus, the manufactured SOI substrate has structure as showti in drawjngj. (e), and a void 
does not exist in the interior. For this reason, when a device is manufactured from this SOI substrate, 
having an adverse effect on a device property is controlled. j 

[0025] Next, the 2nd example approach of this invention is explained. Drawing 2 (a) thru/or (e) are 
the sectional views showing the manufacture approach of the lamination SOI substrate concerning 
the 2nd example approach of this invention in order of a process. In this example approach, the 
substrate which has the misfit rearrangement field 17 where hydrogen is poured in, and in which the 
misfit rearrangement was formed as a single crystal silicon substrate 1 1 near the front face is used. 
The single crystal silicon substrate 1 1 which has this misfit rearrangement field 17 is easily formed 
forming the single-crystal-silicon layer of high resistance with epitaxial growth for example, on a 
low resistance substrate, by carrying out epitaxial growth of the single crystal silicon on a SiGe 
layer, etc. First, the diacid-ized silicon film 12 which is an insulating material is formed on this 
single crystal silicon substrate 11. 

[0026] Next, as shown in drawing 2 (b), the ion implantation of the hydrogen ion is carried out with 
the dose of about 1016 thru/or 1017 (atoms/cm2) from the front face of the diacid-ized silicon film 
12. Thereby, the hydrogen impregnation field 13 is formed in the projection range field and the 
misfit rearrangement field 17 of the single crystal silicon substrate 11. 
[0027] Subsequently, as shown in drawing 2 (c), many voids 14 are formed in the hydrogen 
impregnation field 13 at high density by heat-treating the front face of the diacid-ized silicon film 12, 
and the front face of other single crystal silicon substrates 15 at lamination, 400, or 500 degrees C 
with a room temperature. 

[0028] At this time, as shown in drawi ng 2 (d), cleavage of the single crystal silicon substrate 1 1 is 
carried out by the void 14 formed in the hydrogen impregnation field 13. Also in this example, since 
there is no crystal defect field hear the single crystal silicon substrate 1 1 front face, it is avoided that 
a void remains in the single crystal silicon substrate 1 1 like before. 

[0029] Next, the flare mating face of the diacid-ized silicon film 2 and the single crystal silicon 
substrate 5 is firmly pasted up by performing heat treatment of about 1000 degrees C or more for 
several hours. And as shown in drawing 2 (e), a SOI substrate is completed by grinding the field 
where cleavage of the single crystal silicon substrate 1 1 was carried out, and forming a mirror plane. 



http://www4.indl.ino.co.jp/cpi-bin/tran web cei ejje 



1 R/06/2004 



Page 4 sur 4 



[0030] Thus, the manufactured SOI substrate has structure as shown in dranmngJ2 (e), and a void 
does not exist in the interior. For this reason, like the SOI substrate manufactured by the 1st example 
approach, when a device is manufactured from this SOI substrate, having an adverse effect on a 
device property is controlled. 

[003 1] In this example, although the base which has a misfit rearrangement field in a single crystal 
silicon substrate was used, the substrate which has an oxygen sludge layer near the front face may be 
used. The substrate which has an oxygen sludge layer is created by carrying out epitaxial growth of 
the single-crystal-silicon layer on this substrate single crystal silicon substrate, after for example, a 
fluoric acid water solution washes a substrate single crystal silicon substrate. 
[0032] 

[Effect of the Invention] Since cleavage of the semi-conductor silicon substrate is carried out in the 
location in which the void was formed in the position of a semi-conductor silicon substrate, and this 
void was formed according to this invention as explained in full detail above, survival of a void can 
be reduced. For this reason, the adverse effect to a device can be reduced and the yield can be 
improved. 
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* NOTICES ♦ 
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1 .This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] It is the lamination SOI substrate characterized by consisting of one sort of substrates 
chosen from the group which said 1st single crystal silicon substrate becomes from a hydrogen 
annealing substrate, an in thorin chic gettering substrate, and an epitaxial substrate in the lamination 
SOI substrate which the 1st single crystal silicon substrate and the 2nd single crystal silicon substrate 
were made to rival on both sides of an insulator layer in between, and was constituted. 
[Claim 2] The process which forms an insulator layer in the front face of the 1st single crystal silicon 
substrate, and by performing hydrogen impregnation from the front face of said insulator layer In the 
manufacture approach of a lamination SOI substrate of having the process which makes the process 
which forms a hydrogen impregnation field into said 1st single crystal silicon substrate, and the front 
face of said insulator layer and the front face of the 2nd single crystal silicon substrate rivaling Said 
1st single crystal silicon substrate is the manufacture approach of the lamination SOI substrate 
characterized by being one sort of substrates chosen from the group which consists of a hydrogen 
annealing substrate, an in thorin chic gettering substrate, and an epitaxial substrate. 
[Claim 3] The process which forms an insulator layer in the front face of the 1st single crystal silicon 
substrate, and by performing hydrogen impregnation from the front face of said insulator layer In the 
manufacture approach of a lamination SOI substrate of having the process which makes the process 
which forms a hydrogen impregnation field into said 1st single crystal silicon substrate, and the front 
face of said insulator layer and the front face of the 2nd single crystal silicon substrate rivaling Said 
1st single crystal silicon substrate is the manufacture approach of the lamination SOI substrate 
characterized by having a crystal defect field in the fixed depth from a front face. 
[Claim 4] Said crystal defect field is the manufacture approach of the lamination SOI substrate 
according to claim 3 characterized by having at least one sort of crystal defects chosen from the 
group which consists of a misfit rearrangement and an oxygen sludge. 

[Claim 5] The manufacture approach of a lamination SOI substrate given in claim 2 characterized by 
having the process heat-treated at the temperature of 1000 degrees C or more after the process which 
makes the front face of said insulator layer, and the front face of the 2nd single crystal silicon 
substrate rival thru/or any 1 term of 4. 

[Claim 6] Said misfit rearrangement is the manufacture approach of the lamination SOI substrate 
according to claim 4 or 5 characterized by being generated by forming a single-crystal-silicon layer 
with resistance higher than said 3rd single crystal silicon substrate with epitaxial growth on the 3rd 
single crystal silicon substrate. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing. I ] It is the sectional view showing the manufacture approach of the lamination SOI 
substrate concerning the 1st example approach of this invention in order of a process. 
[Drawin g^] It is the sectional view showing the manufacture approach of the lamination SOI 
substrate concerning the 2nd example approach of this invention in order of a process. 
[Drawing 3] It is the sectional view showing the manufacture approach of the SOI substrate by the 
conventional smart cut process in order of a process. 
[Description of Notations] 

1,5, 11, 15, 21, 25; single crystal silicon substrate 

2, 12, 22: Diacid-ized silicon film 

3, 13, 23: Hydrogen impregnation field 

4, 14,24,24a: Void 

1 7: Misfit rearrangement field 
28: Crystal defect field 
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DRAWINGS 



[Drawing l] 
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